AIm: Many more additives have been introduced with the development of processed foods. Neural tube defects are congenital malformations of the central nervous system. More than 300 000 children are born with neural tube defects every year and surviving children remain disabled for life. Sodium benzoate is used intensively in our daily lives. We therefore aimed to evaluate the effects of sodium benzoate on neural tube defects in chicken embryos. mATERIAl and mEThods: Fertile, specific pathogen-free eggs were used. The study was conducted on five groups. After 30 hours of incubation, the eggs were opened under 4x optical magnification. The embryonic disc was identified and sodium benzoate solution was injected. Eggs were closed with sterile adhesive strips and incubation was continued till the end of the 72nd hour. All eggs were then reopened and embryos were dissected from embryonic membranes and evaluated histopathologically.
INTRODUCTION
Neural tube defects (NTD) are congenital malformations of the central nervous system and they occurred as a result of incomplete closure of the neural tube in between the 3rd and 4th weeks of pregnancy (1, 8) . The worldwide incidence of NTD ranges from 1.0 to 10.0 per 1000 births (8) . Of 300 children that are born every year with NTD, survivors remain with lifelong disability (10) .
Food additives were used to store food for long periods. They were also used for their effects on the appearance of the food and flavors.There is no significant nutritive value of food additives. However they are often used during the
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preparation and storage of foods, including antioxidants, food preservatives, food coloring agents, flavoring agents, anti-infective agents (10) .
Preservetive additives are used to inhibit to growth of bacteria and yeasts in food. Thus, they prevent food spoilage and molding.
They can cause cancer, birth defects, genetic defects, brain damage, hyperactivity and attention deficit disorder, liver and kidney failure, high blood pressure, stroke, heart attack skin rashes, asthma, nausea and diarrhea (10) . Sodium benzoate (SB) is a white solid and it is very soluble in the water. It is a widely used as a food preservative, with E number E211. Preservatives are used in many fields such as personal care and food products as well as pharmaceuticals. In this study, we aimed to evaluate the effects of sodium benzoate on neural tube defects in chicken embryos.
MATERIAL and METHODS

Dosage of Sodium Benzoate
Dosage calculation was made based on a provisional tolerable intake of SB is 5 mg/kg body weight per day, mentioned in the literature (16) . Doses were calculated as Group A: 5mg/ kg, Group B: 10mg/kg, Group C: 20mg/kg, Group D: 200mg/ kg. Sodium benzoate (C7H5NaO2, BioUltra, 71295-50G, Sigma) was dissolved in sterile distilled water to the desired concentrations. Incubation and injection of chicken embryos Fertile, specific pathogen free eggs were used (Bornova Veterinary Control and Research Institute, Izmir-Turkey).
Incubation and Injection of Chicken Embryos
The mean weight of the eggs was 65 ± 2 g. They were incubated for 30 hours at 60% to 70% humidity and 37.2 ± 0.1 °C temprature. Position was changed on its axis every 3 hours for each egg.) The study consisted of five groups. Each group contained 12 embryos. After 30 hours of incubation, the eggs were in stage 9 according to Hamburger-Hamilton series (7, 12) . Egg shells were opened (under 4x magnifications) and then embryonic discs were identified. 0.1 ml previously prepared fluid was administered into each egg under their embriyonic discs. Injection was performed via a 24-gauge syringe. Group A: 0.33mg/0.1ml, Group B: 0.65mg/0.1ml, Group C: 1.30mg/0.1ml, Group D: 13.00mg/0.1ml of SB was administered. Group E (control group): only 0.1 ml of saline was injected. Sterile adhesive strip was used for covering opened egg shell. Eggs were incubated for 72 hours. At the end of the 72nd hour eggs were reopened and embryos were dissected from embryonic membranes. Embryos were evaluated macroscopically and histopathologically. The embryo viability, general physiological condition and embryonic vasculature were examined macroscopically. Neural tube development was evaluated histopathologically.
Histopathological Evaluation
After dissection of embryos from embryonic membranes, tissue processing was started. Embryos were fixed in formolacetic acid for 2 hour. Each embryo was dehydrated using a graded ethanol series (70%, 95%, and 100%) for 15 minutes and later cleard in xylene, before being embedded in paraffin (11) . Paraffin blocks were cut into 5µm serial sections and mounted on glass slides. The slides were then deparaffinized in xylene and washed in a decreased ethanol gradient, before being stained hematoxyline-eosine.
Statistical Analysis
Data analyzed with Chi-square test. Probability values p<0.05 were considered to indicate significant difference. SPSS 16 software was used for analysis. All data were evaluated in a blinded fashion.
RESULTS
Embryo heartbeat were not found in two of each Groups A, D, E and six in Group C during the dissection ( Figure 1E ). Mortality rate was not statistically significant between the groups (Chi-Square=7.3535, df=4, p=0.1183). When embryos were examined for the embryonic vasculature, membranes and the general physiological condition, we could not observed differences between the groups ( Figure 1A-E) . Wing buds of embryos were symmetric, leg buds were asymmetric and rotations were completed. We found that development of all the embryos were consistent with their stages. We detected the neural tube obstruction in one embryo in Group C under microscopic examination ( Figure 2F ) (p>0.05). Neural tube defects were not detected in all embryos groups ( Figure  2A-F) .
DISCUSSION
The best known risk factor for fetal NTD is maternal folate deficiency (1, 8) . Other risk factors for NTD development include a positive family history, smoking and air pollution (3, 10) . Additionally NTDs may be related to maternal socioeconomic and socio-cultural status as well as to physical condition (1, 2). Many studies have been done on chicken embryos to investigate the etiology of NTD. They evaluated effects of environmental factors and drugs (4, 5, 6, 12 ,13, 15) .
With advent of processed food production, various food additives were introduced into our lives (10) . Food additives are verg big family and they include; acids, acidity regulators, food coloring, emulsifiers, flavors, flavor enhancers, humectants, tracer gases, preservatives, stabilizers, sweeteners, thickeners, antioxidants, anticaking, antifoaming, bulking, glazing and color retention agents (10).
Another preservative is sodium benzoate mostly used for food, fruit juices, and soft drinks that are naturally in an acidic pH range.
The estimated global production capacity for benzoic acid is about 600 000 tons per year. Due to the intensive usage of SB in our daily lives, we sought to assess its impact on development over the neural tube in chicken embryo. The acute oral toxicity of SB was found low (oral LD50 values of >1940 mg/kg body weight) in rodents (16) . Sodium benzoate's toxic effects and mortality were reported at much lower doses (about 450 mg/kg body weight) in cats (3, 16) . Cats seem to be more sensitive than rodents. Sodium benzoate was not irritative to skin, except for a slight local reaction in the eye. In short-term studies with rats, higher doses with 1800 mg/kg per body weight and longer duration of exposure contributed to disorders of the central nervous system with remarkable histopathological changes in the brain (16) . Other effects included reductions in the overall weight of the whole body, biochemical and histopathological changes in the liver.
Carcinogenic effect of SB was not encountered in rats and mice in long-term studies (16) . However, the documentation of effects of SB lacks in the literature.
In humans, the acute toxicity of benzoic acid and sodium benzoate is low. A provisional tolerable intake of SB is 5 mg/ kg body weight per day. Clinical signs of intoxication in rats included diarrhea, muscular weakness, tremors, hypoactivity (16). Tsay et al. (14) generated a series of time-and dosedependent SB exposure experiments on wild type zebrafish embryos. The muscle fibers alignment, kidney formation and motor neurons processing were examined in their study. Wild type zebrafish embryos were exposed in water or in water containing 10, 100, 500 and 1000ppm of SB for 24 h. No significant differences in the survival rates between control group and low-dosages-treated groups were seen. However, they found that the survival rates decreased as the exposure time and the concentration of starting from 1100 to 1900 ppm SB increased. They observed that SB exposure resulted in dosedependent defects of gut abnormalities, malformation of pronephros and edema in the pericardial sac. Also SB-induced motor defects was found dose depended and the range of 10-100 ppm. They determined that SB has no negative effects on somite boundary formation. The muscle fiber was innerved functionally by motor axons in both control and 10 ppm SB-treated groups. Similar results were observed but became more severe with increased dosages. They proposed that the SB-induced neurotocixities in zebrafish embryos are irreversible. Congruent to their findings, somite formation and alignment was normal in our study too, although dosage of SB which was administered extremely higher than that in our study. Tsay el al. (14) investigated neurotoxicity via monoclonal antibody labeling system. We examined the embryos histopathologically. Bateman et al. (2) reported that removal of the artificial colorings and SB from the diet of preschool children resulted in reduction in hyperactive behavior. Additionally, motor impairment and anxiety was detected in the SB administered rats in other study (9) . Another important point to be considered; SB combines with ascorbic acid in some beverages. Decarboxylation of the SB yields a carcinogen product, benzene in the presence of ascorbic acid. It can cause permanent damage to organic tissues (16) . Even though we could not identify neural tube defects in all embryos, we should be careful about beverages that include both ascorbic acid and SB. In our study, we observed no differences between the general physiological statuses of the embryos; symmetric wing buds, asymmetric leg buds were found and rotations were completed. We detected no neural tube defects in all embryos. Neural tube obstruction was observed in one embryo in group C. In group D, showed death rate higher than that in the other groups which was administered 40 times higher than the recommended daily dose, although this result was not statistically significant.
CONCLUSION
In the developing world, chemical additives' rate is increasing in our foods day by day. This situation was found to be confusing. This study showed that sodium benzoate, one of the widely used food preservatives, has no effect on neural tube defect development in chick embryo even at high doses.
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